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injuryof drug-induced lung
Drug-induced lung injury (DLI) is deﬁned as a lung injury
that results from the speciﬁc use of a drug, including not
only prescription drugs, but also over-the-counter drugs,
herbal medicines, supplements, and illegal narcotics. In
general, any untoward medical occurrence in a patient ornt matter & 2013 The Japanese Respiratory Societ
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injuries by the Japanese Respiratory Society in Jap
to: Nagano Prefectural Hospital Organization,
fax: þ81 262357161.
ubo-keishi@pref-nagano-hosp.jp (K. Kubo).clinical investigation subject administered a pharmaceutical
product is referred to as an adverse event (AE). AEs in which
a causal relationship with a medicinal product is at least a
reasonable possibility (i.e., the relationship cannot be ruled
out), are referred to as adverse drug reactions (ADRs) [1]. In
other words, an ADR is deﬁned as all noxious and unin-
tended responses to a medicinal product. A DLI is therefore
an ADR that speciﬁcally occurs in the pulmonary system,y. Published by Elsevier B.V. All rights reserved.
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pleura.2. Clinical disease types and their
characteristics
No clinical disease types are speciﬁc to DLI. Similar to other
respiratory diseases, DLIs are diagnosed on the basis of
clinical examination, diagnostic imaging, and histological
ﬁndings, and by their similarity to non-DLIs. Table 1 lists
the main lesion sites, clinical disease types, and correspond-
ing histological diagnoses of DLIs based on the non-DLIs or
pathological conditions they resemble.
2.1. Time of onset and course
The length of the latent period between drug exposure and
onset of DLI manifestations varies greatly, ranging from several
minutes for hydrochlorothiazide-induced pulmonary edema to
several years for amiodarone-induced interstitial pneumonia;
however, the latent period generally ranges from a few weeks to
months. The clinical presentations of DLI typically differ
depending on whether the onset is acute or chronic. For
example, acute DLIs develop in cases of non-cardiogenic pul-
monary edema (NCPE), hypersensitivity pneumonia (HP), acute
eosinophilic pneumonia (AEP), and diffuse alveolar damage
(DAD), while chronic DLIs develop in cases of non-speciﬁc
interstitial pneumonia (NSIP) or organizing pneumonia (OP).
2.2. Response to treatment
As described below, certain clinical presentations of DLI have a
favorable clinical course, whereas others do not. Disease types
such as eosinophilic pneumonia (EP), HP, and OP generally have
a favorable clinical course and most patients resolve following
drug discontinuation or treatment with adrenocortical steroids
(corticosteroids). In contrast, DAD rarely responds to treatment
and has a poor prognosis, and even if it resolves, ﬁbrosis
remains as a sequela. Chronic usual interstitial pneumonia
(UIP) is also refractory to treatment.
2.3. Risk factors
Several risk and exacerbating factors for DLI have been
identiﬁed. Non-speciﬁc risk factors include advanced age (60
years or older), existing pulmonary lesions (particularly for
interstitial pneumonia), history of pulmonary surgery,
decreased respiratory function, oxygen inhalation, radiation
exposure to the lung, and existing renal impairment, which
are all patient-related factors. Decreased renal function may
also be a risk factor for DLI because it often results in elevated
blood concentrations of the causative drug(s).
2.4. Difﬁculties related to clinical disease types
To describe DLIs based on their clinical disease form, the
modiﬁer “drug-induced” must be added to the disease term.
However, depending on the causative drug, it can be difﬁcult
to differentiate between a DLI and the exacerbated form of anunderlying disease. For example, geﬁtinib can induce acute
exacerbation of idiopathic pulmonary ﬁbrosis (IPF). Although
“HP” is commonly used as a disease type of DLI, it also
describes relatively acute drug-induced interstitial pneumo-
nia in which an association with an allergic reaction is
suspected, but it does not include interstitial lung disease
that is clearly caused by inhalation of an organic antigen.
Furthermore, the type of clinical disease is not speciﬁc to a
particular drug; one drug may induce lung injuries character-
istic of different types of clinical disease, and conversely, the
same clinical disease can be induced by more than one drug.3. Pathogenetic mechanisms
Most of the pathogenetic mechanisms by which drugs induce
lung injury are unknown, although two basic mechanisms
appear most likely. First, cytotoxic drugs may have direct toxic
effects on alveolar type I epithelial cells, airway epithelial cells,
or vascular endothelial cells. Second, the drug may activate
immune cells by acting as a hapten or mimicking an antigen.
These two mechanisms are likely modiﬁed by a variety of host
and environmental factors, including genetic predisposition
through the expression of drug metabolism- or immune-
related genes, age, underlying pathological conditions in the
lung, particularly pulmonary ﬁbrosis or chronic inﬂammatory
lung disease, and interactions with concomitant drugs.4. Epidemiology
The incidence of DLI has not been accurately determined, but
data reported in issues of the Pharmaceuticals and Medical
Devices Safety Information indicates that reports of DLI have
increased since 2000 (Fig. 1) [2,3], which corresponds to the year
when geﬁtinib-induced lung injury attracted increasing atten-
tion to DLIs [4]. Geﬁtinib-induced lung injury later became a
serious public concern in Japan. In actual clinical practice, causal
relationships between drugs and DLIs are seldom recorded as
“deﬁnite,” but are typically recorded as “suspected” or “cannot
be ruled out” (reports regarding marketed drugs often use such
expressions, because most patients are receiving one or more
concomitant drugs). All causative drugs, including suspected
causative drugs and drugs for which a causal relationship
cannot be ruled out, should be reported to the Pharmaceutical
and Medical Devices Agency (PMDA, http://www.info.pmda.go.
jp/) by the pharmaceutical companies, attending physicians,
pharmacists, etc., that ﬁrst identify them. The PMDA tabulates
the data, which are then published in the Japanese Adverse
Drug Event Report database (Table 2) on the PMDA website to
ensure public safety [5].
Recently, evidence has emerged that the incidence of DLI
in Japan is higher than that abroad [6]. Speciﬁcally, a high
incidence of lung injury induced by the cancer drug geﬁtinib,
which was ﬁrst marketed in Japan in July 2002, has been
observed, but geﬁtinib-induced lung injury has never become
a public concern outside of Japan. The difference in incidence
may be associated with differences in medical or health
insurance systems, individual body constitution, drug dose,
or availability of diagnostic tools, such as high resolution
Table 1 – Main clinical types and histological diagnoses of DLIs (in contrast to common diffuse pulmonary diseases).
Main lesion site Clinical disease typea Histological diagnosisb
1. Alveolar and interstitial regions
Acute respiratory distress syndrome/acute lung injury
(ARDS/ALI)
Diffuse alveolar damage (DAD) (clinically severe)
Idiopathic interstitial pneumonias (IIPs) (collective term)
Acute interstitial pneumonia (AIP) Diffuse alveolar damage (DAD) (clinically severe)
Idiopathic pulmonary ﬁbrosis (IPF) Usual interstitial pneumonia (UIP) (clinically severe)
Non-speciﬁc interstitial pneumonia (NSIP) Non-speciﬁc interstitial pneumonia (NSIP)
Desquamative interstitial pneumonia (DIP) Desquamative interstitial pneumonia (DIP)
Cryptogenic organizing pneumonia (COP) Organizing pneumonia (OP)
Lymphocytic interstitial pneumonia (LIP) Lymphocytic interstitial pneumonia (LIP)
Eosinophilic pneumonia (EP) Eosinophilic pneumonia (EP)
Hypersensitivity pneumonia (HP) Hypersensitivity pneumonia (HP)
Granulomatous interstitial lung diseases Granulomatous interstitial pneumonia
Pulmonary edema Pulmonary edema
Capillary leak syndrome Pulmonary edema
Pulmonary alveolar proteinosis Alveolar proteinosis
Diffuse alveolar hemorrhage Alveolar hemorrhage
2. Airway
Bronchial asthma Bronchial asthma
Bronchiolitis obliterans syndrome (BOS) Bronchiolitis obliterans (BO)
Bronchiolitis obliterans syndrome (BOS) Constrictive bronchiolitis obliterans (CBO)
(clinically severe)
3. Blood vessels
Vasculitis Vasculitis
Pulmonary hypertension Pulmonary hypertension
Pulmonary veno-occlusive disease Pulmonary veno-occlusive disease
4. Pleura
Pleuritis Pleuritis
The names used for the clinical types of DLIs are the names of non-drug-induced diseases or non-drug-induced pathological conditions that
have similar clinical manifestations and histopathological ﬁndings.
a Drug-induced pathological conditions, but their manifestations are similar to those of non-drug-induced conditions.
b The histological diagnosis does not always directly correspond to the disease type.
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for these possible differences, the incidence of fatal DLIs
(histological pattern of DAD) appears to be higher in Japan
than in other countries [7]. This view is supported by
differences in: (1) reports on fatal lung injuries induced by
geﬁtinib, erlotinib, leﬂunomide, bortezomib, and bleomycin
(Table 3) [6,10–12]; (2) mortality statistics of acute exacerba-
tion of IPF [7]; and (3) severity of rapidly progressive
interstitial pneumonia (RPIP) associated with clinically amyo-
pathic dermatomyositis (CADM) between cases reported in
Japan and abroad [8,9].5. Diagnostic criteria
When diagnosing a lung injury, one must always assume that
all drugs are capable of causing the injury and that patients may
develop the injury during the course of treatment or after
treatment has been completed. Whenever a new pulmonary
lesion is detected in a patient, a DLI should be suspected, and at
the same time, it is important to make a differential diagnosis
between a DLI and other diseases or conditions, such as
exacerbation of an existing pulmonary or pleural disease, or
an opportunistic infection in immunocompromised patients.
The approach for diagnosing DLIs in daily medical practice
is presented in Fig. 2. If the onset of a DLI is suspected, the
following diagnostic criteria should be used (Table 4) [13]:(1) History of ingestion of a drug that is known to induce lung
injury.(2) The clinical manifestations have been reported to be
induced by a drug.(3) Other causes of the clinical manifestations could be
ruled out.(4) Improvement of the clinical manifestations after drug
discontinuation.(5) Exacerbation of the clinical manifestations after resuming
drug administration.
Diagnosis of the suspected DLI and identiﬁcation of
the causative drug should be performed simultaneously
(Table 5) [13].6. Diagnostic procedure and differential
diagnosis for DLIs
6.1. Symptoms, medical history, physical ﬁndings, history
of drug use
Subjective symptoms are important for diagnosing DLIs, and
the relationships between clinical manifestations and the time
medication started or changed, the dose, and duration of use
may be indicative of a DLI. The clinical course of respiratory
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severity of DLIs, and the acute onset of respiratory failure, in
particular, requires differential diagnosis and prompt action.
Indicative respiratory symptoms include shortness of breath,
dyspnea, dry cough, chest pain (pleurisy or pleural effusion),
wheezing (airway lesions), and bloody sputum (pulmonary
alveolar hemorrhage). DLI must be carefully differentiated from
respiratory infections and pulmonary edema. Even when
patients do not have clear subjective symptoms of DLI, a low
percutaneous arterial oxygen saturation value, appearance of a
new abnormal shadow on a chest X-ray, or pleural effusionmay
be symptomatic of a possible DLI.
A patient's medical history should include the history
of use of the suspected causative drug, temporal relation-
ships between exacerbation or remission of the clinical
manifestations and use of the drug, consistency between
the clinical disease type reported for the drug and
patient's clinical manifestations, and occurrence of an
exacerbation of the clinical manifestations after resuming
the drug.
Physical examination of the patient should include
vital signs, percutaneous arterial oxygen saturation measure-
ment, inspection of the oral mucosa, inspection of the
skin for rashes, and palpation of superﬁcial lymph nodes
to assess lymph node swelling. Auscultation of the chest
during deep inspiration and forced expiration should be
performed to examine for differences in breathing
patterns between the right and left sides of the lung and for
the presence of rales (particularly crepitus) and airway
lesions. As certain conditions, such as early lung injury and
bronchiolitis obliterans (BO), may not cause changes that can
be detected by auscultation, they must be diagnosed based on
symptoms, diagnostic images, and pulmonary function test
results.6.2. Flowchart for diagnosing a DLI (Fig. 3)
The diagnosis of DLI is made based on the clinical symptoms,
physical ﬁndings, history of drug use and diseases, and diag-
nostic imaging and pathological ﬁndings taken as a whole.Fig. 1 – Number of drugs that have been reported to cause drug
have been reported to cause drug-induced (interstitial) pneumon
Pharmaceuticals and Medical Devices Safety Information (Pharm
& Welfare) is shown.6.3. Blood tests
Although the results of blood tests alone cannot be used to
diagnose DLI, such tests play a supplementary role in the
diagnosis and pathological study of DLIs. Applicable blood
tests for suspected DLI include:(1)-ind
ia
aceTests for non-speciﬁc inﬂammatory response, tissue
damage, and allergic reaction
These tests consist of measurements of the erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), lactate
dehydrogenase (LDH), and markers of allergic reaction.
Allergic reactions to a drug may cause elevation of the
peripheral blood eosinophil count and drug-induced EP.
Notably, the eosinophil count does not always correlate
with the severity of the lung injury.(2) Markers associated with interstitial pneumonia
Krebs von der Lungen-6 (KL-6), pulmonary surfactant
protein-A (SP-A) and pulmonary surfactant protein-D
(SP-D) are currently used as biomarkers of interstitial
pneumonia in Japan. KL-6 is a MUC1 mucin with a
sialylated carbohydrate chain that is recognized by anti-
KL-6 antibody and mainly produced by alveolar type II
epithelial cells [14]. SP-A and SP-D are surfactant proteins
produced by alveolar type II epithelial cells.
One study investigated whether serum KL-6 levels were
related to the disease type of DLI, which was classiﬁed as
DAD, chronic interstitial pneumonia (CIP), OP, EP, or HP
based on HRCT ﬁndings. Serum KL-6 levels were elevated
in the DAD and CIP disease types, but remained
unchanged in OP, EP, and HP disease types (Fig. 4) [15].(3) Drug lymphocyte stimulation test (DLST)
In the DLST, potentially sensitized lymphocytes are col-
lected from a patient suspected of having a drug-induced
allergy and mixed with the offending drug (antigen). 3H–
thymidine uptake by the lymphocytes is then measured
as an indicator of their division/proliferation rate. The
DLST is reported to have a median positive rate of 66.9%
for patients with drug-induced pneumonia (Table 6) [16].
However, evidence suggests that the results of the DLSTuced (interstitial) pneumonia. The number of drugs that
between 1990 and 2011 according to data reported in the
utical and Food Safety Bureau, Ministry of Health, Labour
Table 2 – Number of case reports of suspected drug-induced interstitial pulmonary diseases from 2004 to 2009a.
Drug type Year
2004 2005 2006 2007 2008 2009
Anticancer drugs, non-molecularly targeted 322 339 355 388 399 393
Anticancer drugs, molecularly targeted 348 236 174 197 417 341
Gold drugs 1 3 3 3 1 2
Antimicrobial drugs/antifungal drugs 68 70 69 56 64 61
Chinese herbal drugs 36 47 36 32 33 49
Interferons 34 63 80 50 45 49
Antirheumatic drugs, non-biological 175 150 136 122 107 91
Antirheumatic drugs, biological 16 48 59 49 64 94
Anti-inﬂammatory analgesics 28 36 19 33 29 25
Psychotropic drugs 21 14 31 15 18 13
Antihypertensive drugs 28 32 38 43 50 46
Othersb 167 154 161 172 232 218
Total 1244 1192 1161 1160 1459 1382
a The numbers of case reports ﬁled with the PMDA were extracted from the Japanese Adverse Drug Event Report database (Reference [5]).
b Include drugs that do not fall into any of the speciﬁc categories listed. Among these drugs, there have been relatively large numbers of
reports for the following categories of drugs: antiviral drugs, antithrombotic drugs, and anti-arrhythmic drugs.
Table 3 – Incidence of DLIs in Japan and abroad.
Drug Japan Abroada
Geﬁtinib 3.98%
(n¼1482)
0.3% (United States:
n¼23,000)
Leﬂunomide 1.81%
(n¼3867)
0.017%
(Abroad: n¼861,860)
Bleomycin 0.66%
(n¼3772)
0.01%
(Abroad: n¼295,800)
Bortezomib 2.33%
(n¼3556)
0.16%
(Abroad: n¼106,832)
Erlotinib 4.52%
(n¼3488)
0.7%
(Abroad: n¼4900)
Modiﬁed from References [10–12].
a Data for some drugs include data from Japan.
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lymphocytes. For example, certain drugs, such as the
Chinese herbal medicine shosaikoto, directly stimulate
lymphocytes and thus produce false-positive results,
whereas other drugs, such as minocycline (MINO), inhibit
lymphocyte function and yield false-negative results. A
study conducted on rheumatoid arthritis patients showed
that the speciﬁcity of the DLST for methotrexate (MTX)
was extremely low. It is therefore important that physi-
cians are thoroughly aware that false-positive or false-
negative reactions may occur when the DLST is used as a
diagnostic test for DLI.
6.4. Examinations for respiratory infections
It is important to differentiate DLIs from respiratory infections,
including Mycobacterium infections such as tuberculosis, pneu-
mococcal pneumonia, which is common in Japan, penicillin-
and/or cephem-resistant pneumonia caused by Mycoplasma
pneumoniae, Chlamydophila pneumoniae, and Legionella, and pneu-
monias caused by viruses and fungi.
6.5. Chest imaging ﬁndings (X-ray and CT/HRCT images)
It is important to evaluate chest imaging ﬁndings before the
administration of drugs that have been reported to induce
severe DLI, because preexisting chronic ﬁbrosing interstitial
pneumonia and low lung volume are risk factors of DLI.
Whenever available, chest images should be examined for
the presence of such risk factors before the administration of
drugs with the potential to cause DLI.
As DLIs can give rise to a broad range of pathological
patterns of lung toxicity, the corresponding imaging patterns
vary and are nonspeciﬁc. Pathological patterns are classiﬁed
based on their similarity to known diffuse pulmonary dis-
eases, and imaging patterns are also classiﬁed to their
similarity with imaging ﬁndings of other lung diseases [16].Although imaging patterns reﬂect pathological patterns to some
extent, physicians should be aware that there are several
limitations to this approach, because imaging patterns are
non-speciﬁc and may not be representative of the underlying
pathologic processes [17]. However, the classiﬁcation of imaging
patterns is helpful in diagnosing DAD-type DLI, and may be
useful for differential diagnosis between DLI and other lung
diseases. For example, infectious pneumonia must be excluded
before diagnosing organizing pneumonia-type DLI.
Table 7 shows the major imaging ﬁndings for DLI mani-
festing as diffuse pulmonary disease [18]. However, it may be
difﬁcult to identify the speciﬁc disease patterns listed in
Table 1 based on imaging ﬁndings alone. From the standpoint
of prognosis, it seems to be very useful to classify DLI into
either DAD type, which generally has a poor prognosis, or
non-DAD, which has relatively favorable prognosis. The
imaging ﬁndings that characterize DAD-type DLI include
ﬁndings suggestive of structural changes, such as traction
bronchiectasis, in addition to extensive consolidation or
ground-glass opacities. Because structural distortion such as
traction bronchiectasis on HRCT becomes evident in the
Fig. 2 – Approach for diagnosing DLIs in daily medical practice.
Table 4 – Diagnostic criteria for DLIs.
1. History of ingestion of a drug that is known to
induce lung injury
Speciﬁcally inquire about the following when taking the patient's history: over-the-
counter (OTC) drugs, health foods, and illegal narcotic drugs/antihypnotic drugs.
2. The clinical manifestations have been
reported to be induced by a drug.
The clinical manifestations include clinical ﬁndings, imaging ﬁndings, and
pathological features.
3. Other causes of the clinical manifestations
could be ruled out.
Differentiation from infection, cardiogenic pulmonary edema, exacerbation of an
underlying disease, etc.
4. Improvement of the clinical manifestations
after drug discontinuation.
Spontaneous remission or remission in response to an adrenocorticosteroid.
5. Exacerbation of the clinical manifestations
after resuming drug administration.
Resuming drug administration to identify the causative drug is not generally
recommended, but is acceptable if the patient requires the drug and safety is
assured.
Created based on Reference [13].
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DLI form non-DAD-type DLI based on imaging ﬁndings alone,
particularly in the early stages (exudative phase). Imaging
ﬁndings that characterize DAD-type DLI are also seen in DAD
due to other causes, thus physicians should keep in mind
that DAD-type DLI cannot be differentiated from DAD due to
other cases, such as severe infection, unless the images
clearly indicate speciﬁc ﬁndings indicative of a speciﬁc under-
lying disease.
The roles of diagnostic imaging regarding DLIs are sum-
marized below. In particular, the roles described in items 3, 5,
and 6 are considered to be important.(1) Imaging ﬁndings can provide information that facilitates
early diagnosis. As some patients with grade 1 DLI have
no clinical symptoms, early detection of abnormal sha-
dows facilitates early and correct diagnosis in such
asymptomatic patients.(2) Imaging ﬁndings can provide important objective evi-
dence for the onset of a DLI. For example, a DLI can beruled out if an abnormal shadow was present before the
start of drug administration.(3) Imaging ﬁndings provide important information for risk
assessment. Chronic ﬁbrosing interstitial pneumonia and
emphysema are important risk factors of DLI. The severity
of chronic ﬁbrosing interstitial pneumonia is also risk
factor for DLI when chronic interstitial pneumonia is
present. Patients with these risk factors must be exam-
ined frequently by imaging to detect early signs of DLI.(4) Imaging ﬁndings can aid with differential diagnosis at the
time of DLI onset.(5) Serial changes in imaging ﬁndings can show the progress
of abnormal ﬁndings and help estimate the degree of
disease severity.(6) Imaging ﬁndings can help diagnose DAD-type DLI. Deter-
mining whether a DLI is DAD type is important for
predicting prognosis. However, a diagnosis of DAD-type
DLI is often difﬁcult based on imaging ﬁndings alone and
before the disease progresses to organizing-phase DAD.(7) Imaging ﬁndings may suggest the pathogenetic
Table 5 – Diagnostic steps for DLIs.
1. Identiﬁcation of the causative drug
(1) Detailed medical history
To investigate the possibility that a drug, health food, supplement, home-made food, illegal substance, additive, or radiation therapy
may have caused the injury
(2) Focus on a single drug
If the patient is using several different drugs, the possibility that any one of the drugs caused the lung injury should be assessed by
checking the side effects pulmonary reaction patterns to each drug
(3) Identiﬁcation of the responsible drug
a. As DLIs may develop at any time during or after drug administration, all past and currently administered drugs are candidates. It
should be noted that the interval between drug use and symptom onset differ from patient to patient
b. All symptoms of DLIs, except pulmonary ﬁbrosis, should ideally resolve after discontinuation of the suspected drug. Thus, to be
certain that the symptoms have resolved as a result of discontinuing the suspected drug, whenever possible, adrenocortical steroids
should not be used
c. Recurrence of the injury after resumption of drug administration may provide validation for the suspected drug being the causative
agent. However, resumption of drug administration may risk symptom exacerbation or death of the patient. Adequate informed
consent is required before resuming administration
2. The characteristic clinical features, BALF ﬁndings, and pathological ﬁndings of DLIs are needed to make a differential diagnosis between
DLIs and infections/pulmonary lesions of underlying diseases.
(1) Clinical manifestations
Identiﬁcation of causes of respiratory symptoms, such as cough and dyspnea
a. DLI
b. Pulmonary and pleural lesions of underlying diseases
c. Pathological conditions of underlying diseases (heart failure, renal failure, etc.)
d. Concomitant infection
(2) Physical ﬁndings
Skin rash, rales, etc
(3) Clinical laboratory ﬁndings
Blood tests: eosinophil count, liver function test values, serum KL-6, SP-A, SP-D, LDH, and β-D glucan levels
(4) Chest X-ray and chest CT ﬁndings
Imaging ﬁndings corresponding to the clinical manifestations and pathological ﬁndings of DLIs can be obtained
(5) Respiratory function tests
Restrictive ventilatory impairment and diffusion impairment
(6) Bronchoalveolar lavage ﬂuid (BALF)
a. Exclusion diagnosis
Diagnosis of malignant diseases: evidence of malignant cells
Diagnosis of infection: bacteriological diagnosis and gene diagnosis of pathogens
b. Suspected case of DLI: an increase in total cell count; increases in the numbers of eosinophils, lymphocytes, and neutrophils,
depending on the pathology
(7) Histopathological examination of lung biopsy specimens
Diffuse alveolar damage, non-speciﬁc interstitial pneumonitis, eosinophilic pneumonia, bronchiolitis obliterans, organizing
pneumonia, hypersensitivity pneumonia, etc., are diagnosed histopathologically
(8) Drug lymphocyte stimulation test
Positive rate is high in patients who developed the injuries due to a type IV allergic reaction
(9) Resumption of administration to identify the causative drug
Informed consent is necessary
Created based on Reference [13].
r e s p i r a t o r y i n v e s t i g a t i o n 5 1 ( 2 0 1 3 ) 2 6 0 – 2 7 7266mechanism of a DLI. However, the limitations in applying
imaging patterns to identifying underlying pathogenetic
mechanisms must be considered.(8) Diagnostic imaging can be used to assess therapeutic
effect and follow the progression of a DLI.
6.6. Bronchoalveolar lavage ﬂuid (BALF)
Examination of BALF may not lead to a deﬁnitive diagnosis of
DLI, but BALF ﬁndings are useful to rule out other diseases, such
as respiratory infection. In addition, a BALF examination may
provide clues to disease pathology and help predicthistopathological ﬁndings. A BALF examination is therefore
important in the clinical practice for patients with a
suspected DLI.
In a review article by Costabel et al. [19], the results of
BALF examinations were used to classify clinical types of DLIs
into the following categories:(1) Cellular pneumonia
In cellular pneumonia, which is the most commonly
observed type of DLI and is classiﬁed into HP clinical
disease type on the basis of clinical examination, diag-
nostic imaging, and histological ﬁndings, BALF may con-
tain large numbers of lymphocytes, which may account
Fig. 3 – Flowchart for diagnosing a DLI.
Fig. 4 – Association between chest HRCT imaging patterns of
DLIs and serum KL-6 levels. DAD: Diffuse alveolar damage,
CIP: Chronic interstitial pneumonia, OP/EP: Organizing
pneumonia/Eosinophilic pneumonia, HP: Hypersensitivity
pneumonia. Reproduced from Reference [15], partially
modiﬁed.
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and other inﬂammatory cells may also be observed. The
CD4/CD8 ratio is often low.(2) Eosinophilic pneumonia
In eosinophilic pneumonia, BALF may contain abnormally
large numbers of eosinophils. The absence of eosinophils
in BALF indicates that no eosinophils have inﬁltrated the
pulmonary alveoli and that eosinophilic pneumonia can
be ruled out.(3) Organizing pneumonia
In organizing pneumonia, BALF contains lymphocytes,
neutrophils, eosinophils, and mast cells in various ratios.
Foamy macrophages and plasma cells may also be
observed. The CD4/CD8 ratio is often low.(4) Cytotoxic reactions
In cytotoxic reactions, which are mostly induced by cyto-
toxic drugs and are classiﬁed into the DAD clinical disease
type on the basis of clinical examination, diagnostic ima-
ging, and histological ﬁndings, BALF may contain abnor-
mally large numbers of neutrophils and aggregates of
atypical alveolar type II epithelial cells. Patients with cyto-
toxic drug reactions have a poor prognosis.(5) Diffuse alveolar hemorrhage
In diffuse alveolar hemorrhage, hemosiderin-containing
phagocytic alveolar macrophages, as well as erythrocytes,
are observed in BALF.(6) Amiodarone-induced alveolar damage
The BALF from patients with amiodarone-induced alveolar
damage is characterized by alveolar macrophages containing
foamy cytoplasm, which is thought to be attributable to the
accumulation of phospholipids (surfactant-like substances).
6.7. Histopathological ﬁndings in the lung
DLI is not characterized by a speciﬁc histopathological course,
but is manifested by a variety of histopathological ﬁndings.
In many patients, the clinical diagnosis of a DLI is based on
the course of the patient's illness, diagnostic images, and
laboratory data in the absence of any histopathological
ﬁndings, but in some patients, a DLI may be suspected based
on abnormal histopathological ﬁndings. To diagnose DLIs,
understanding the histopathological characteristics of indivi-
dual DLIs is therefore important.
In DLIs, damage or lesions may be occur in the alveolar
region, airway, blood vessels, and pleura, but alveolar and
interstitial lesions, particularly in interstitial pneumonia, are
the most important for diagnosing DLI due to their high
prevalence. Alveolar and interstitial lesions associated with DLIs
may include all types of interstitial pneumonia, including
different types of idiopathic interstitial pneumonia (Table 1).
Fig. 5 – Current status of treatment for DLIs. DLI: Drug-induced lung injury.
Table 6 – Positive rate of drug lymphocyte stimulation
test for causative drugs.
Drug category Positive rate (%)
Anticancer drugs 33.3
Gold drugs 72.7
Chinese herbal drugs 67.6
Chinese herbal drugsþinterferon (IFN) 25.0
Antituberculosis drugs 85.7
Antimicrobial drugs 58.0
Anti-inﬂammatory analgesics 89.5
Interferon (IFN) 20.2
All causative drugs (n¼175) 66.9
Reproduced from Reference [16].
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biopsy (TBLB) is recommended whenever possible as a means
of ruling out infections and neoplastic lesions. Even the
analysis of a small biopsy specimen, if taken from the proper
site, can reveal histopathological ﬁndings that may be used to
predict the patient's response to treatment or make a prog-
nosis, and that may be indicative of a DLI, such as eosino-
philic inﬁltration, atypical epithelial cells, and multiple and
mixed histopathological ﬁndings in the same lung.
6.8. Drug challenge test
No consensus has been reached as to whether a drug
challenge test should be performed as a diagnostic test for
hypersensitivity to a drug, partly due to ethical concerns, and
because no speciﬁc procedure has yet to be established.7. Current status of treatment for DLIs and
responses to treatment
7.1. Current status of treatment (Fig. 5, Table 8)
Any drug that is suspected of causing a DLI should be
immediately discontinued in all cases. If continued treatment
is necessary, the suspected drug should be replaced by a drug
that is less likely to induce a lung injury. Anticancer drug
therapy, however, should not be resumed until the injury has
resolved. Recently, treatment approaches for everolimus- or
temsirolimus-induced interstitial pulmonary disease should
be based on disease severity as mentioned in Section 9.2
Molecularly Targeted Anticancer Drugs.Patients with a moderate DLI should be treated with corticos-
teroids at a dose that is equivalent to 0.5–1.0mg/kg/day of
prednisolone (PSL), depending on the suspected drug and condi-
tion of the patient, in addition to discontinuation of the suspected
drug. Treatment at the initial dose should be continued for 2–4
weeks and then gradually tapered. Patients with a severe DLI
should be treated with methylprednisolone (mPSL) pulse therapy
consisting of 500–1000mg/day mPSL dose equivalent for 3 days,
followed by treatment with corticosteroids at a dose that is
equivalent to 0.5–1.0mg/kg/day of PSL for 2–4 weeks and is then
tapered. If the lung injury and hypoxemia resolve immediately,
corticosteroids can be completed in one to two months.
7.2. Responses to treatment
DLIs caused by allergic reactions or of the EP type can
generally be expected to respond to corticosteroids. Cellular
NSIP, OP, or EP-types of DLI all respond well to corticoster-
oids. DAD-type DLI caused by cytotoxic mechanisms may not
respond to corticosteroids. With respect to histopathological
ﬁndings, the following types of DLI cases can be expected to
respond to corticosteroids: cases in which the histopatholo-
gical ﬁndings are indicative of inﬂammation characterized by
lymphocyte inﬁltration or the occurrence of granulomatous
lesions without tissue damage or ﬁbrosis, or if present,
extremely slight changes; and cases in which the histopatho-
logical ﬁndings suggest EP-type DLI or organic changes in the
alveoli. However, cases of DAD-type DLI or those involving
advanced ﬁbrosis are unlikely to respond to corticosteroids.
Cases of DLI in which the chest X-ray and HRCT ﬁndings
(Table 7) [18] suggest EP, OP, or HP are likely to respond to
corticosteroids. As OP, EP and HP disease type with normal
serum KL-6 levels respond to corticosteroids, cases of DLI
with normal KL-6 levels are likely to respond to corticoster-
oids as long as the injury is in any of OP and HP clinical
disease types of DLI (Fig. 4) [15].8. Clinical disease types of DLI and major
causative drugs
8.1. Interstitial pneumonia
The most frequently observed type of DLI is interstitial pneu-
monia, and the terms “drug-induced pneumonia” and “drug-
induced interstitial pneumonia” are almost used synonymously.
Table 8 – Proposed classiﬁcation and treatment strategy for drug-induced interstitial pneumonia and acute lung injury.
Degree of
severity
PaO2 Treatment
a
Mild Z80 Torr Discontinuation of the suspected drug
Moderate 60 Torr to
o80 Torr
Discontinuation of the suspected drug Adrenocortical steroid therapy
Severe o60 Torr
(PaO2/
FiO2o300)
Discontinuation of the suspected drug mPSL pulse therapy for 3 days and then continuous
adrenocortical steroid administration
a The treatment information is provided for reference only. When a patient rapidly resolves after discontinuation of the suspected drug or
responds to adrenocortical steroid therapy, the dose of the steroid should be reduced.
Table 7 – Imaging ﬁndings for DLIs manifesting as diffuse pulmonary disease.
Diffuse alveolar
damage (DAD)
Chronic interstitial
pneumonia (CIP)
Eosinophilic
pneumonia (EP)
Organizing pneumonia
(OP)
Hypersensitivity
pneumonia (HP)
Chest
X-ray
Images
Patchy inﬁltrative
shadows and ground
glass opacities in both
lung ﬁelds
Ground glass opacities
and patchy inﬁltrative
shadows
predominantly in the
lower lung ﬁelds
bilaterally
Diffuse inﬁltrative
shadows or ground
glass opacities
predominantly in the
periphery
Multiple,
nonsegmental
inﬁltrates in both lung
ﬁelds
Decreased lung
volume and ill-
deﬁned
interstitial
shadows in the
basal segment of
both lungs
Chest
CT
images
Bilateral patchy
ground glass opacities
and inﬁltrative
shadows
(predominantly in the
posterior portion of
the lung) Structural
changes of traction
bronchiectasis,etc.,
(after organizing
stages)
Ground glass opacities,
inﬁltrative shadows,
linear shadows,
thickening of broncho-
vascular bundles, and
evidence of traction
bronchiectasis
predominantly in the
periphery of both lung
ﬁelds
Ground glass opacities,
inﬁltrative shadows,
nodule-like shadows,
mediastinal
lymphadenopathy,
pleural effusion,
interlobular septum,
and thickening of
broncho-vascular
bundles
Nodular shadows,
patchy shadows,
ground glass opacities,
and reversed halo sign
in the subpleura or
along the broncho-
vascular bundles
Diffuse ground
glass opacities in
both lung ﬁelds
Modiﬁed from Reference [18].
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drug-induced interstitial pneumonia are listed in Table 9.
Drug-induced interstitial pneumonia should be differentiated
from diffuse lung diseases, including idiopathic interstitial
pneumonias (IIPs), interstitial pneumonia associated with
connective tissue disease, acute and chronic HP, EP, acute
lung injury (ALI)/acute respiratory distress syndrome (ARDS),
and Pneumocystis pneumonia (PCP). However, it is particularly
difﬁcult to determine whether a new shadow detected in a
diagnostic image of the lungs is attributable to the primary
disease or a drug.8.2. Pulmonary edema
Pulmonary edema induced by a drug (drug-induced pulmon-
ary edema) is typically NCPE [20]. However, if the causative
drug has a direct effect on the cardiovascular system that
leads to decreased left ventricular function, the pathology is
similar to cardiac pulmonary edema (CPE). Thus, drugs caninduce a CPE-like clinical type of pulmonary edema, ALI/
ARDS NCPE, and non-ALI/ARDS NCPE.
Many aspects of the pathogenetic mechanism of drug-
induced NCPE remain to be elucidated. DLIs with pathology
similar to that of ALI/ARDS [21] are thought to develop due to
direct drug-induced damage to pulmonary vascular endothe-
lial cells and alveolar epithelial cells, although the underlying
mechanisms remain to be elucidated. Allergic reactions that
cause capillary leak syndrome (Clarkson syndrome) [21,22],
hypervolemia, and anaphylaxis are thought to be the patho-
genetic mechanism of drug-induced non-ALI/ARDS NCPE [20].
Drugs that have been reported to induce CPE, NCPE, and
ALI/ARDS are listed in Tables 10a [23], 10b [20,23–25], and
10c [20].8.3. Drug-induced EP
Drug-induced EP is a collective term for diseases with
respiratory manifestations, including dyspnea, that develop
as a consequence of lung tissue damage caused by
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diagnosis of drug-induced EP requires that at least one of
the following three criteria is met:(1)T
Pa
A
(A
O
or
N
HElevated peripheral blood eosinophil count and abnormal
diagnostic imaging ﬁndings.(2) Observation of eosinophilic inﬁltration of lung tissue in
transbronchial or open lung biopsy specimens.(3) Abnormally large numbers of eosinophils in BALF (eosi-
nophil fraction Z25%)
EP can develop as an acute type, termed AEP, or a subacute/
chronic type, known as chronic eosinophilic pneumonia (CEP).
Patients with an AEP-type DLI present clinically with manifesta-
tions similar to those of AEP that was described by Allen et al.
[26] and is characterized by rapid onset of pyrexia, dyspnea,
cough, expectoration, and chest pain that is often associated
with pleural effusion and occasionally with respiratory failure. It
may be difﬁcult to differentiate drug-induced AEP from a
respiratory infection based on symptoms, which typically
develop within a few days to one week after the start of
exposure to the causative drug. DLI of the CEP type, in contrast,
follows a subacute or chronic clinical course characterized by
symptoms such as cough, pyrexia, weight loss, progressive
breathlessness, wheezing, and night sweats, among others,
which typically last several weeks to months. In some cases,
the causative drug is difﬁcult to identify based on the clinical
course. In some patients with AEP-type DLI, the peripheral
eosinophil count does not increase until approximately one
week after the onset of symptoms, whereas in most patients
with CEP-type DLI, the peripheral eosinophil count and IgE
values increase immediately.
Patients with AEP-type DLI present with imaging ﬁndings
of ground glass or reticular opacities, and in severe cases, the
opacities appear diffusely distributed. Pleural effusion is also
often observed. Patients with CEP-type DLI present with a
variety of imaging ﬁndings, including inﬁltrative shadows or
ground glass opacities, predominantly in the peripheral
region, as well as centrilobular granular shadows and hyper-
trophic interlobular septa. Focal shadows, if present, are
predominantly observed in the upper lobe.
Drugs that have been reported to induce EP are listed in
Table 11 [27–29].8.4. Airway lesions
Drug-induced asthma or bronchospasm is broadly divided into
the following three types according to the causative agents:
(i) asthmatic attacks induced by beta-blockers, (ii) asthmaticable 9 – Patterns of drug-induced interstitial pneumonia and
ttern Causative
cute interstitial pneumonia/diffuse alveolar damage
IP/DAD)
Amiodaron
panitumum
rganizing pneumonia/bronchiolitis obliterans with
ganizing pneumonia (OP/BOOP)
Bleomycin
(SASP), pe
on-speciﬁc interstitial pneumonia (NSIP) Amiodaron
ypersensitivity pneumonia (HP) Geﬁtinib aattacks induced by NSAIDs, as observed in aspirin-induced
asthma, and (iii) asthmatic attacks induced by inhalation of
powdery substances, as is observed in occupational asthma.
8.5. Pulmonary vessel lesions(1)the
drug
e, c
ab
(BL
nicil
e, M
nd oPulmonary thromboembolism
Because estrogen preparations and oral contraceptives
promote blood coagulation, their use is considered to be
a risk factor for pulmonary thromboembolism. Numerous
reports describe cases in which the use of psychotropic
drugs to treat psychiatric disorders, including schizophre-
nia, was associated with the occurrence of pulmonary
thromboembolism.(2) Pulmonary alveolar hemorrhage
Drug-induced pulmonary alveolar hemorrhage occasion-
ally occurs during the use of antithrombotic drugs, such
as anticoagulant, antiplatelet, and thrombolytic drugs, or
as a complication of vasculitis related to anti-neutrophil
cytoplasmic antibodies (ANCA) that are typically found in
patients treated with antithyroid drugs, such as
propylthiouracil (PTU).(3) Pulmonary hypertension
During the 4th World Symposium on Pulmonary Hyper-
tension (PH), which was held in 2008, the clinical classi-
ﬁcations of PH were revised. PH is now classiﬁed into
ﬁve categories, and drug-induced PH is classiﬁed in the
pulmonary arterial hypertension (PAH) category [30].
Drug-induced PH is reported to account for approximately
10% of all PAH cases.
8.6. Pleural lesions
Drug-induced pleural lesions are rare. The pathological con-
ditions of such lesions include pleural effusion, pleurisy with
pyrexia or chest pain, and slowly progressive pleural thicken-
ing. To date, over 40 drugs have been reported to induce
pleural lesions, and the number continues to increase as new
drugs are introduced. Drug-induced pleural lesions develop
alone in some patients, and together with other pathological
conditions, such as drug-induced lupus and acute interstitial
pneumonia, in other patients. Many drugs have been sug-
gested to cause in drug-induced lupus, which presents with
similar symptoms, physical ﬁndings, and clinical laboratory
ﬁndings to those of systemic lupus erythematosus (SLE),
which is characterized by pyrexia, skin rash, arthralgia, and
a positive antinuclear antibody test [31]. Pleurisy or pericar-
ditis may occasionally occur as complications of pleural
lesions. Reports of pleurisy induced by biological agents,causative drugs
s
yclophosphamide (CPA), geﬁtinib, erlotinib, cetuximab,
, methotrexate (MTX), and others
M), MTX, CPA, gold drugs, amiodarone, salazosulfapyridine
lamine, and others
TX, penicillamine, gold drugs, and hydralazine
thers
Table 10c – Principal drugs that induce ALI/ARDS.
1. Anticancer drugs
Cytarabine arabinoside (Ara-C), vinca alkaloids,
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recently increased and now account for more than half of the
reports of drug-induced pleurisy.geﬁtinib, erlotinib, cetuximab, panitumumab, recombinant
granulocyte-macrophage colony stimulating factor
(rGM-CSF)
2. Biological agents (antirheumatic drugs)
Inﬂiximab, etanercept, adalimumab
3. Others
Amiodarone, nitrofurantoin, talc
Reproduced from Reference [20].8.7. Respiratory center disorders and neuropathy/
myopathy
Drug-induced respiratory center disorders and neuropathy/
myopathy are types of drug-induced respiratory disorders
rather than types of DLI. A respiratory center disorder shouldTable 10a – Drugs that induce cardiogenic pulmonary
edema.
1. Drugs that induce heart failure
(1) α-Receptor agonists
Adrenaline (epinephrine), noradrenaline
(norepinephrine), phenylephrine, and others
(2) β-Receptor blockers
Propranolol, metoprolol, atenolol, and others
(3) Ca antagonists
Verapamil, diltiazem, nifedipine
2. Drugs that induce pulmonary edema secondary to ﬂuid
retention
(1) Plasma expanders
Albumin, plasma protein preparations, and isotonic/
hypertonic ﬂuid preparations
(2) Adrenocortical steroids
Reproduced from Reference [23].
Table 10b – Principal drugs that induce non-cardiogenic
pulmonary edema.
1. Anticancer drugs
Cytarabine arabinoside (Ara-C), gemcitabine (GEM),
interleukin-2 (IL-2, teceleukin), mitomycin (MMC),
pentostatin (DCF),
all-trans-retinoic acid (ATRA, tretinoin),
arsenic trioxide, vinblastine
2. Immunosuppressive drugs
Methotrexate (MTX), muromonab-CD3
3. Antifungal drugs
Amphotericin B (AMPH-B)
4. Respiratory drugs
Epoprostenol, nitric oxide
5. Diuretic drugs
Acetazolamide, chlorothiazide/hydrochlorothiazide
6. Antipsychotic drugs and antidepressant drugs
Ethchlorvynol, phenothiazines, tricyclic antidepressants
7. Non-steroidal anti-inﬂammatory drugs and narcotic
analgesic drugs
Aspirin, methadone, morphine, propoxyphene
8. Anti-labor-pain drugs
(uterotonics, uterine motility inhibitors)
Isoxsuprine, ritodrine, oxytocin
9. Contrast media
10. Others
Protamine, oxygen toxicity (heroin, paraquat)n
Created based on References [20,23–25].
n Although heroin and paraquat are not medical supplies, they
induce pulmonary edema.be suspected whenever hypercapnia is present. Drugs that
act on the central nervous system, including anesthetics,
analgesics, hypnotics, sedatives, and psychotropic drugs,
may suppress the respiratory center without inducing a
pulmonary parenchymal or interstitial injury. Myasthenia is
reported to be induced by penicillamine, aminoglycoside
antibiotics, procainamide, and polymyxin B.
8.8. Drug-induced lung carcinogenesis
We omitted the mention of drug-induced lung carcinogen-
esis, because the data has been insufﬁcient.9. DLIs according to drug category
In this section, drugs that frequently induce lung injury or
have recently been identiﬁed as capable of causing lung
injury are described.
9.1. Anticancer drugs (non-molecularly targeted drugs)
Table 12 summarizes the case reports of lung injuries
induced by non-molecularly-targeted anticancer drugs that
are currently being used in Japan, and the clinical disease
types reported [28,32,33]. The incidence of interstitial
pneumonia-type DLI is presented in Table 13 according to
non-molecularly targeted anticancer drugs.
9.2. Molecularly targeted anticancer drugs
The number of anticancer drugs, particularly molecularly
targeted drugs, available for use in the clinical setting is
steadily increasing. From the data collected from all-patient
post-marketing surveillance in Japan on new molecularly
targeted drugs, it is possible to tabulate the numbers of DLI
cases, including their incidence and patient outcomes.
Geﬁtinib and erlotinib are epidermal growth factor
receptor-tyrosine kinase inhibitors (EGFR-TKIs) with indica-
tions for the treatment of non-small-cell lung cancer.
Since ADR reports of ALI and interstitial pneumonia
were submitted in rapid succession after geﬁtinib was placed
on the market, prospective surveillance studies revealed that
the incidence of geﬁtinib-induced ALI or interstitial pneumo-
nia among treated patients was 5.8%. Risk factors for
Table 11 – Commonly used drugs that cause drug-
induced eosinophilic pneumonia.
1. Non-steroidal anti-inﬂammatory drugs
Diclofenac, naproxen, loxoprofen, acetylsalicylic acid
2. Non-pyrazolone analgesic drugs
Acetaminophen
3. Other anti-inﬂammatory drug/immunomodulating drugs
Methotrexate, gold drugs, D-penicillamine,
salazosulfapyridine, bucillamine, azathioprine
4. Antimicrobial drugs
Penicillins, minocycline, clarithromycin, levoﬂoxacin,
cephalosporin
5. Antiepileptic drugs
Phenytoin, carbamazepine, procarbazine
6. Antidepressant drugs
Imipramine
7. Antihypertensive drugs
Captopril, hydralazine
8. Anti-arrhythmic drugs
Amiodarone
9. Diuretic drugs
Hydrochlorothiazide
10. Chinese herbal drugs
Saibokuto, Shosaikoto
11. Others
G-CSF preparations (e.g., ﬁlgrastim), propylthiouracil,
simvastatin, contrast media
12. Health foods and supplements
Fenﬂuramine (anorectic drug: not approved in Japan)
Created based on References [27,28].
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ECOG performance status (PS) of 2 or more, smoking history,
presence of a comorbid interstitial pulmonary disease at the
time of drug initiation, and history of chemotherapy. ECOG PS
of 2 or more and male gender were identiﬁed as predictors of
poor outcome [34].
All-patient post-marketing surveillance of 3488 patients
treated with erlotinib revealed interstitial pulmonary dis-
eases occurred in 158 (4.5%) patients, of which 55 patients
died. In most patients, the interstitial pulmonary disease
developed within four weeks of the start of treatment. The
following were identiﬁed as risk factors for the development
and exacerbation of erlotinib-induced interstitial pulmonary
disease: smoking history, ECOG PS 2–4, comorbidity or history
of interstitial pulmonary disease, and comorbidity or history
of pulmonary infection [35]. Lung injury induced by geﬁtinib
or erlotinib is often fatal and most frequently associated with
DAD-type DLI. Erlotinib is clinically available for use in
combination with gemcitabine to treat pancreatic cancer,
but clinical studies have shown that the incidence of inter-
stitial pulmonary disease is 8.5% [36], which is higher than
the rate observed in non-small-cell lung cancer patients
treated with erlotinib alone. Erlotinib should therefore be
administered with caution.
Everolimus and temsirolimus are inhibitors of the
kinase enzyme mammalian target of rapamycin (mTOR),
and are indicated for the treatment of renal cell carcinoma.
The incidences of interstitial pulmonary disease in patients
treated with both agents are high. In a phase III multi-
national clinical study of everolimus in renal cellcarcinoma patients, who included Japanese patients, the
rate of interstitial pulmonary disease, which occurred as
ADR, was 11.7% (32/274 subjects) in the everolimus group.
In addition, a retrospective blinded assessment of CT
images by diagnostic imaging experts revealed that devel-
opment or exacerbation of interstitial pulmonary disease
occurred in 132 (53.9%) of the 245 subjects whose images
were available for assessment [37].
In a phase II multinational clinical study of temsirolimus
in renal cell carcinoma patients, which included Japanese
patients, the rate of interstitial pulmonary disease, which
occurred as ADR, was 17.1% (14/82 subjects). Subsequent
evaluation of obtained CT images by diagnostic imaging
experts revealed that 44 (57.1%) of the 77 subjects whose
images were available for assessment had interstitial pul-
monary disease [38]. Similarly, a phase III clinical study of
renal cell carcinoma patients conducted abroad showed that
interstitial pulmonary disease had an incidence rate of 1.9%
(4/208) of subjects in the temsirolimus group. However, retro-
spective assessment of the CT images of the 178 subjects for
whom images were available revealed that 52 (29.2%) had
interstitial pulmonary disease [39].
Treatment approaches for everolimus- or temsirolimus-
induced interstitial pulmonary disease should be based on
disease severity. Two important points should be noted in
regard to the treatment of these diseases: (1) patients with
minimal interstitial pulmonary disease detected on diagnos-
tic images that is unassociated with any clinical manifesta-
tions can continue to be treated with everolimus or
temsirolimus, and (2) treatment with everolimus or temsir-
olimus should be discontinued in patients with relatively
mild interstitial pulmonary disease with clinical manifesta-
tions, but treatment can be resumed if the interstitial pul-
monary disease resolves after drug discontinuation (for
details, refer to the appropriate use guidelines for everolimus
or temsirolimus provided by the respective pharmaceutical
companies).
Interstitial pulmonary disease induced by mTOR inhibi-
tors responds favorably to corticosteroids [37]. However,
mTOR inhibitors have an immunosuppressive effect, and
because PCP has been reported in patients treated with
mTOR inhibitors, it is important with respect to treatment
to differentiate between interstitial pulmonary diseases
and PCP.9.3. Antirheumatic drugs
Ten to thirty percent of rheumatoid arthritis (RA) patients are
complicated with chronic interstitial lung disease (ILD).
Whenever a new ILD or exacerbation of an existing ILD is
detected in a patient under treatment for RA with any anti-
RA drug, the physician must differentiate among DLI, emer-
gence or exacerbation of an ILD related to RA, and respiratory
infection (particularly PCP). However, such differential diag-
nosis is often difﬁcult, because the manifestation of lung
injury in patients with RA is often the result of a combination
of the DLI, the lesion related to RA, and a respiratory
infection. For example, PCP in RA patients cannot simply be
regarded as an infection and should be considered a
Table 12 – Onset patterns and frequency of DLIs caused by various anticancer drugs.
Anticancer drug
(excluding molecularly
targeted drugs)
Number
of
reports
A B C D E F G H I J K L M N O P
Alkylating compounds
Cyclophosphamide (CPA) nnn ▲ △ ▲ △ ▲ ▲
Ifosfamide (IFM) n △ △ △ △
Busulfan (BUS) nnn △ △ ○ △
Melphalan (L-PAM) nn △ ▲
Nitrosourea nnn ▲ ○ ▲ △
Procarbazine (PCZ) nn △ △ △ △ △
Antimetabolite drugs
Methotrexate (MTX) nnnn ○ △ ○ △ ▲ ▲ △ ○
Fluorouracil (5-FU) n △ △
Cytarabine (Ara-C) nn ▲ ▲ △
Gemcitabine
hydrochloride (GEM)
nn △ ▲
Azathioprine (AZ) n ▲ △
Mercaptopurine (6-MP) n △
Fludarabine (FLU) nn △ △ △ △ △ △
Pemetrexed (MTA) nn △ ▲
Antineoplastic antibiotics
Doxorubicin (DXR) n △ △
Mitoxantrone (MIT) n △
Mitomycin C (MMC) nnn △ ▲ ▲ ▲ ○ ▲
Bleomycin (BLM) nnnn ○ ▲ ○ ○ ▲ ○ ○ △
Microtubule inhibitors
Vinblastine (VLB) nnn △ △ △
Vindesine (VDS) nn △ △ △
Vinorelbine (VNR) n △
Paclitaxel (PCT) nn △ △ △ △
Docetaxel hydrate (DCT) nn △ △ △ △ △ △
Topoisomerase inhibitors
Irinotecan (IRT) nn △ ▲ ▲
Nogitecan (topotecan) n △ ▲ ▲
Etoposide (ETP) nnn △ △
Platinum-containing drugs
Cisplatin (CDDP) n △
Carboplatin (CBDCA) n △
Oxaliplatin (L-OHP) nn △ △ ▲
Cytokine drugs
Interferon (IFN) nn △ △ △ △
Interleukin-2 (IL-2) nn △ ○ ▲
Hormone preparations
Tamoxifen (TAM) n △ △
Medroxyprogesterone
(MPA)
n △ △ △
Leuprorelin n △ △
Others
Cladribine (CdA) n △
Bacille de Calmette et
Guérin (BCG)
(intravesical)
nn ○ ▲ ▲ ▲ ○
A: acute ILD/NSIP (interstitial lung disease/non-speciﬁc interstitial pneumonia); B: subacute ILD/NSIP (interstitial lung disease/non-speciﬁc
interstitial pneumonia); C: PIE (pulmonary inﬁltration with eosinophilia); D: granulomatous ILD (interstitial lung disease); E: OP (organizing
pneumonia); F: DIP (desquamative interstitial pneumonia); G: pulmonary ﬁbrosis; H: shrinking lung; I: lung nodules; J: transient inﬁltrates; K:
pulmonary edema; L: ARDS (acute respiratory distress syndrome); M: HUS (hemolytic-uremic syndrome); N: DAH (diffuse alveolar
hemorrhage); O: PVOD (pulmonary veno-occlusive disease); P: opportunistic infections; n: fewer than 10 cases; nn: 10 to 19 cases; nnn: 20 to
99 cases; nnnn: 100 or more cases; △: rare; ▲: low frequency; ○: moderate frequency; : high frequency.
Created based on References [13,31,32].
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Table 13 – Frequency of interstitial pneumonia and lung
injuries caused by anticancer drugs.
Drug name Frequency (%)
Paclitaxel (Taxols) 0.54
Docetaxel hydrate (Taxoteres) 0.1
Amrubicin hydrochloride (Calseds) 2.2
Gemcitabine hydrochloride (Gemzars) 1.50
Pemetrexed (Alimtas) 3.6
Vinorelbine (Navelbines) 2.45
Irinotecan (Camptos, Topotecins) 1.30
Peplomycin sulfate (Pepleos) 6.90
Bleomycin (Bleo) 10.20
Cisplatin (Briplatins, Randas) 0.38
Carboplatin (Paraplatins) 0.1
S-1 (TS-1) 0.3
Created based on data from package inserts and interview forms
as of October 2011.
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the pathogen modiﬁed by immunosuppressive agents [40].(1) Methotrexate (MTX)
MTX is currently used as the anchor drug in the treatment
of approximately 60– 80% of RA patients. According to a
survey in Japan, 75% of MTX-induced pneumonia occurs
within 6 months of the start of treatment; however, it is
occasionally found in patients who have been treated
with MTX for several years or more. The incidence of
MTX-induced pneumonia is independent of the dose. In
the 1990s, incidences of 1–5% were reported in Japan, and
male gender, smoking history, and existing ILD were
subsequently identiﬁed as risk factors abroad [41,42]. ILD
was later concluded to be an important risk factor for
MTX-induced pneumonia in Japan as well [43]. Taking
into account the fact that existing ILD is a risk factor for
MTX-induced pneumonia, RA patients in Japan are now
screened for ILD before starting MTX treatment, and if ILD
is present, treatment with MTX is withheld for such
patients. This screening approach has resulted in a
marked decrease of the incidence of MTX-induced pneu-
monia in RA patients to 0.4% or less [44].(2) Biological agents
As of September 2011, six biological agents were commer-
cially available in Japan for the treatment of RA. In addition
to RA, the indications for use of these agents have been
expanded to include intractable inﬂammatory diseases,
including Crohn's disease, ulcerative colitis, and psoriasis
vulgaris. Incidences or exacerbation of interstitial pneumonia
are reported to range from 0.1% to 1.0% in RA patients treated
with these approved biologics, but not all of them should be
classiﬁed as DLI, because PCP and RA-related pulmonary
lesions may have been included in these reported cases, and
thus a detailed investigation of the incidence of biologic-
induced interstitial pneumonia is necessary.A multi-center study of 24 RA patients who developed
acute interstitial pulmonary disease during treatment withbiologics (inﬂiximab, etanercept, adalimumab, and tocilizu-
mab) showed that a deﬁnitive diagnosis of PCP was made in
13 patients and a suspected diagnosis of PCP was made in
11 patients, whereas a deﬁnitive diagnosis of DLI was made in
only 2 patients, both of whom were determined to have MTX-
induced pneumonia [45]. The study concluded that Pneumo-
cystis played a major role in the development of acute
pulmonary injuries in RA patients treated with biologic
agents. The ﬁndings from this report also suggested that
the actual incidence of lung injuries induced by biologics is
lower than reported.
There are no speciﬁc diagnostic procedures for lung
injuries induced by biologics, but it is ﬁrst necessary to
exclude infection, such as PCP. It is therefore recommended
that the differential diagnosis procedure shown in the ﬂow
chart in Fig. 6 be followed [46].
9.4. Interferons (IFNs)
IFNs are cytokines that have a variety of biological activities,
including antiviral, cytostatic, and immunomodulatory func-
tions. IFNs are classiﬁed into three types, α, β, and γ, based on
the producing cell type, amino acid sequence, and target
receptor. IFN-α and IFN-β have been used in the treatment of
various diseases since the early 1990s. Because IFNs have
potent immunomodulatory activity, a variety of ADRs have
been observed in patients treated with IFNs. In particular,
interstitial pneumonia is a clinical concern in the lung, and
sarcoidosis has been also reported, although it is relatively
infrequent. A post-marketing surveillance reported inci-
dences of interstitial pneumonia in patients treated with
peg-interferons α-2a (Peg-IFN-α-2a) and α-2b (Peg-IFN-α-2b)
of 0.29% and 0.08%, respectively, indicating that the Peg-IFN-
α-2a should be used more cautiously because of the slightly
higher tendency to cause interstitial pneumonia. Since
August 2008, Peg-IFN-α-2a product has been contraindicated
in patients with a history of interstitial pneumonia. Conco-
mitant use of Shosaikoto and IFNs to treat hepatitis C is now
also contraindicated, because it increases the incidence and
mortality rate from interstitial pneumonia in patients treated
with IFNs.
9.5. Immunosuppressive agents(1) Cyclophosphamide (CPA)
CPA-related ADRs that have been reported to date include
respiratory infections caused by decreased immunocom-
petence, ILD, including DAD, OP, and pulmonary ﬁbrosis,
and NCPE, pleural effusion, bronchoconstriction, and
anaphylaxis.(2) Cyclosporin (CYA)
CYA-induced lung injuries that have been reported to date
include DAD, subacute interstitial pneumonia, NCPE,
diffuse alveolar hemorrhage (DAH), and PH.(3) Tacrolimus (FK506)
FK506-induced lung injuries that have been reported to
date include acute progressive interstitial pneumonia, OP,
NCPE, and PH.(4) Azathioprine (AZ)
F
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include subacute progressive interstitial pneumonia, OP,
DAH, pulmonary vasculitis, bronchoconstriction, angioe-
dema, and anaphylaxis.
9.6. Chinese herbal drugs
Lung injuries induced by Chinese herbal drugs have been
documented, but their incidence remains unclear. The recent
increase in the number of case reports of DLIs, including
those induced by Chinese herbal drugs, may in part reﬂect a
wider understanding of the concept of DLI and an increase in
the number of suspected DLIs detected on the basis of
abnormal chest CT ﬁndings. Furthermore, because it has long
been considered that Chinese herbal drugs are unlikely to
cause ADRs (AEs), case reports of lung injuries in patients
using Chinese herbal drugs may have attracted particular
attention. There have been no reports on the pathogenetic
mechanisms of DLIs speciﬁc to Chinese herbal drugs.
In 1996, the Japanese Ministry of Health and Welfare
(MHW) issued the Dear Healthcare Professional Letters of
Emergent Safety Communications (Yellow Letter) regarding
fatal cases of interstitial pneumonia potentially attributable
to Shosaikoto. Nationwide surveillance was conducted in
response to the report [47,48], and the results showed that
of 100 patients who experienced a Shosaikoto-induced lung
injury, 12 displayed signs of recovery following withdrawal,
29 were treated with oral corticosteroids, and 54 were treated
with adrenocortical steroid pulse therapy. Although 90
patients recovered quickly, the other 10 died. Differences
between surviving patients and those with a fatal outcome
included a longer interval between the onset of symptoms
and drug withdrawal (5.8 vs. 15.9 days) and a higher propor-
tion of patients with an underlying respiratory disease (2.2%
vs. 30%) in the latter group.
Physicians should keep in mind that an underlying liver
disease may also be a risk factor for Shosaikoto-induced lungig. 6 – Diagnostic ﬂowchart for fever, cough, and dyspnea during t
ource: Modiﬁed from Reference [46].injury. A high proportion of patients with IIPs are hepatitis C
virus (HCV) antibody-positive, suggesting that HCV infection
is involved in the development and exacerbation of
Shosaikoto-induced interstitial pneumonia [49]. Caution
must be exercised when prescribing drugs, including Shosai-
koto, for chronic hepatitis C patients who exhibit even slight
signs of interstitial pneumonia.
9.7. Antimicrobial drugs
Although any antimicrobial drug can induce lung injury,
tetracyclines, beta-lactams, and the new generation of qui-
nolones account for the majority of causative antimicrobial
drugs. Antimicrobial drugs have been inferred to induce lung
injuries through allergic reactions related to type III/IV or type
I hypersensitivity.
9.8. Antiarrhythmic drugs
The reported incidences of lung injuries induced by the
antiarrhythmic drug amiodarone differ greatly due to differ-
ences in the investigation methods or dose. The results of a
double-blinded study of approximately 700 subjects showed
that the incidence of serious amiodarone-induced lung injury
at doses ranging from 300 to 800 mg/day was 1.2% [50]. When
amiodarone was administered at low doses (200 mg/day or
lower), the incidence of lung injury appeared to be low,
although according to one report conducted in Japan, the
5-year cumulative incidence rate among these patients was
10.6% [51], suggesting that the high incidence of amiodarone-
induced lung injury in Japan is related to a genetic predis-
position speciﬁc to Japanese. Risk factors for amiodarone-
induced lung injury are listed in Table 14.
Amiodarone has been inferred to induce lung injuries
through the following mechanisms: (1) cytotoxicity to
alveolar epithelial cells, vascular endothelial cells, and
ﬁbroblasts, (2) an imbalance between Th1 and Th2 cells,
(3) production of TNF-α and transforming growth factor
β (TGF-β) by alveolar macrophages, and (4) angiotensinreatment with biological agents.
Table 14 – Risk factors for lung injuries induced by amiodarone.
1. Sex Male
2. Age Rare occurrence in males r40 years of age, and in children and adolescents
3. Underlying lesions and
conditions
(1) Presence of abnormal chest X-ray ﬁndings
(2) Lung surgery, COPD, and reduced pulmonary function
Abnormal pulmonary function is likely a risk factor for amiodarone-induced lung injuries, but it is not a
universal ﬁnding. Unilateral pneumonectomy increases the risk of amiodarone-induced lung injuries,
because postoperative arrhythmias occasionally develop and require amiodarone for treatment, and
because of the reduced postoperative pulmonary function.
(3) Inspiratory oxygen fraction
An increased inspiratory oxygen fraction may trigger the onset of an amiodarone-induced lung injury.
(4) Iodinated contrast medium
The administration of an iodinated contrast medium can trigger the onset of amiodarone-induced lung
injury.
4. Dose (1) Patients administered a low dose (less than 200 mg/day) of amiodarone are at low risk for developing
amiodarone-induced lung injury.
(2) The reported incidences of amiodarone-induced lung injuries vary from approximately 0.1% in patients
administered a low dose of amiodarone to 50% in patients given a high dose (greater than 1200 mg/day).
(3) In general, the reported incidence of amiodarone-induced lung injuries range from approximately 5% to
15% in patients administered amiodarone at a dose of Z500 mg/day, and from 0.1% to 0.5% in patients
given amiodarone at a dose of 200 mg/day.
(4) The incidence of amiodarone-induced lung injuries in patients administered a low dose of amiodarone
is low, but the severity of their injuries may vary.
r e s p i r a t o r y i n v e s t i g a t i o n 5 1 ( 2 0 1 3 ) 2 6 0 – 2 7 7276II-induced apoptosis of alveolar epithelial cells. The diverse
clinical presentations of patients with amiodarone-induced
lung injuries appear to reﬂect one or all of these four
responses. Patients with amiodarone-induced lung injury
present with dry cough, exertional dyspnea, high serum
KL-6 values, and low DLco values. The DLco value is a
particularly important indicator, because development of
an amiodarone-induced lung injury can be strongly sus-
pected in patients whose DLco value has decreased by 15%
or more below baseline. The pulmonary lesions induced by
amiodarone appear characteristic of various disease types, and
the presence of foamy macrophages in BALF or a pulmonary
biopsy specimen supports a diagnosis of amiodarone-induced
lung injury, but is not pathognomonic.
Mortality rates for amiodarone-induced lung injury of
9–50% have been reported, and the differences may depend
on the disease type [52]. Physicians need to be aware that
patients with amiodarone-induced lung injury may have a
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